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Abstract 
A quartz crystal microbalance with dissipation measurement (QCM-D) was employed for probing the interaction of 
various room-temperature ionic liquids and different vapours of common organic solvents, of which we here show as 
an example the interaction of water, ethanol and toluene with the ionic liquid 1-Octyl-3-methylimidazolium chloride 
([OMIM][Cl]). In conventional QCM-measurements, employing ionic liquids as selective sensing interfaces can lead 
to misinterpretation of the frequency changes observed as upon vapour uptake by the RTILs might mainly be caused 
by viscosity changes rather than a selective mass uptake. We here show that using QCM-D, it can be discriminated 
between mass response and change of the viscoelastic properties of RTILs, leading to a better understanding of both 
the potential and the limitations of RTILs as selective sensing materials. 
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Room-temperature ionic liquids (RTILs) have been widely investigated as benign alternatives to 
conventional solvents in chemical synthesis and processing. However, their application for sensor systems 
and separation technology is far from being fully explored. Being commonly designated as “designer 
solvents”, ionic liquids can theoretically be of an immense variety of possible structures, leading to the 
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assumption that virtually any desired physico-chemical property may be accomplished by adjusting the 
chemical composition of ionic liquids. It is for this reason that RTILs have received increasing attention 
with regard to sensor and separation applications where adjusting properties such as affinity, 
hydrophobicity and viscosity are amongst the most relevant.  
 
As for sensor applications, it is noteworthy that RTILs consist entirely of cations and anions of 
relatively small molecular size, leading to a high molecular mobility and therefore resulting in short 
response times upon exposure to target solutes as well as an excellent baseline recovery [1], apart from the 
well-known fact that they possess virtually no vapour pressure. The selectivity of RTILs can in principle 
be tuned easily by introducing adequate functional groups or choosing from a large pool of possible 
cations and anions; however, the challenge remains to verify the respective selectivity or affinity by 
experimental methods that allow for a rapid screening. Common methodologies involve gravimetric 
sorption measurements which can be extremely precise, but for the same reason also rather time-
consuming and therefore not the most appropriate screening tool. Measurements with quartz crystal 
microbalances have proven to be significantly more rapid [1-4], however, they bear the drawback that 
frequency changes observed represent an overall response to both the mass uptake by the RTIL as well as 
resulting changes in viscosity, and interpretation of the data may therefore not be straightforward [1,2].  
 
In order to investigate the phenomena related to the vapour uptake buy ionic liquids in more detail, we 
employed a quartz crystal microbalance with dissipation measurement system (QCM-D), a method 
traditionally used in the monitoring of biological systems and for the determination of biological affinity 
constants. Our aim was to discern between the contribution of mass uptake and changes of the viscoelastic 
properties of RTILs to the overall sensor response, to study in more detail the potential of RTILs as 
selective materials in sensors, a well as the feasibility of QCM-D as a rapid and reliable screening method 
for solute-ionic liquid interactions. 
 
2. Materials and Methods 
All QCM-D measurements were performed with a Q-Sense E1 system (Biolin Scientific / Q-Sense 
AB, Västra Frölunda, Sweden) at 28 ± 0.1ºC. Different vapour concentrations were generated by 
controlled sparging of the pure liquid in a Drechsel bottle at 25 ± 0.1ºC (Fig. 1a).  
 
  
 
 
 
 
 
 
      (a)             (b) 
Fig. 1. (a) Experimental set-up with the vapour generation and the subsequent introduction into the measuring chamber of the QCM-
D; (b) Structure of the room-temperature ionic liquid used in this study. 
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This temperature was deliberately chosen lower than the measuring temperature in order to avoid 
undesired condensation in the microchannels of the QCM-D. The ionic liquid 1-octyl-3-
methylimidazolium chloride ([OMIM][Cl], Fig. 1b), was spin-coated onto the quartz crystals and 
subsequently conditioned at a constant nitrogen flow (99,9995% purity) until a constant baseline was 
observed. Selectivity measurements were then conducted using vapours of common solvents such as 
ethanol, toluene, as well water. The data were fitted using a Maxwell model with the processing software 
provided by the manufacturer (Q-Tools). Simultaneously measured changes in frequency and energy 
dissipation were obtained at harmonics n=1 (5MHz) to n=13 (65MHz). For data analysis, however, two, 
three or four harmonics were considered. 
 
3. Results and Discussion 
In the case of water, the response of the QCM-D to changing vapour concentrations proved to be 
fast, reaching a very stable plateau value within less than a minute (Fig. 2a). In contrast, measured 
frequency changes using toluene as a sample vapour started to level off significantly later (Fig. 2b), which 
was attributed to both different diffusivities of the solutes as well as nature of physic-chemical 
interactions. Water as the smaller molecule possesses an intrinsically higher diffusivity than toluene; 
however, it can also be seen that when the frequency shift of toluene has already reached a stable signal 
(at about 15 min, Fig. 2b), the respective dissipation values are still rising indicating changes of the 
viscoelasticity properties resulting from an ongoing rearrangement of the ionic liquid phase which is 
independent of diffusion and directly related to the interaction between toluene and [OMIM][Cl]. It is 
noteworthy that in both cases the baseline was satisfactorily recovered, with a slight spreading of the 
frequencies being observed during desorption after contacting with toluene which might indicate 
incomplete desorption. The latter, however, appears to be negligible in view of the magnitude of the 
response to solute vapour.
 
  
 
 
 
 
 
 
 
 
 
 
      (a)                (b) 
Fig. 2. (a) QCM-D measurement starting with a nitrogen baseline, followed by injection of (a) water and (b) toluene vapour with an 
activity of 0,66, and subsequent desorption with nitrogen. The figures show the harmonics n=1 to n=13 with blue lines denoting the 
frequency and red lines the dissipation. Opposite trends of both frequency and dissipation can clearly be observed. 
 
The frequency responses of [OMIM][Cl] to different vapour activities of either water or toluene are 
depicted in Fig. 3a and b.  
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The frequency changes have been normalized with regard to the respective harmonics according to 
¨Fn=¨F/n in order to verify the contribution of dissipative phenomena to the frequency signal. It has been 
considered earlier that dissipative phenomena can be neglected if no significant changes are observed 
between normalized frequency changes of different harmonics [5]. 
 
 
 
 
 
 
 
       (a)             (b) 
Fig. 3. (a) Normalized frequency changes as a function of the vapour activity of  (a) water and (b) toluene for the 3rd (filled circle), 
5th (open box), 7th (filled triangle) and 9th (open diamond) harmonics. 
 
It can be observed in general that the normalized frequency changes vary for both compounds, indicating 
that dissipative phenomena must not be neglected during QCM measurements. In particular, these 
phenomena seem less relevant for the saturated vapour of water compared to that of toluene (activity = 1), 
while at lower vapour activities the opposite trend can be detected. It can, hence, be concluded that at low 
concentrations, water vapour causes greater viscoelastic changes in the ionic liquid than toluene, while 
high concentrations of the latter affect the viscoelastic properties of the ionic liquid significantly. As a 
conclusion, it was found that QCM-D is not only a very valuable tool for screening the degree of solute 
uptake by ionic liquids, but also to elucidate the resulting viscoelastic changes that may occur during this 
process and which should be taken into account during conventional QCM measurements where this 
latter information is commonly not readily accessible.  
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